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\ 


The producing iron-ore. ranges in the Lake Superior district are the 
Marquette and Menominee in Michigan, the Gogebic in Michigan and Wisconsin, 
and the Cuyuna, Mesabi, and Vermilion in Minnesota, These ranges produce 
about 85 percent of the iron ore mined in the United States. The eccident 
experience in connection with this production is better than that of the re- 
gions producing the remaining 15 percent. Production and shipments vary. 
slightly from year to year owing ‘to stockpiling underground ore during the 
winter, or nonshi pping, season but closely ae each other over a 
period of years. 


1i/ Work on manuscript completed August 1940. The Bureau of Mines wil. 
welcome reprinting of this paper, provided the following footnote 
acknowledgment is made: "Reprinted from Bureau of Mines Information 
Circular 7510," 

2/ Supervising engineer, Bureau of Mines, Dulutt, Minn, 
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This information circular supplements, combines, and continues the data 
contained in Information Circulars 73213/ and 74104/; including statistics 
for 1946 and 1947. 


Whereas the title. "Accident Fxperience" ig used for. uniformity and logi- 
cal indexing throughout. this report, "injury" will be used as a general term 
to apply 0 disabilities of all degrees.. 


During the oe weted 1940 to 1947, inclusive, 619,054,023 long tons 
of iron ore was shipped from the Lake Superior district Oa Michigan and Wis- 
congin shipped 117,828,939 tons, or 19.03 percent o? the total, and employed 
approximately 9, 260 men, imnesota shipped 501,225,084 tons, or 80.97 percent 
of the total, and employed an approximate annual average of 12 ,260 men. The 
tons produced and ete per man employed in Minnescta is much greater than: 
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This consolidated report:was made possible through the cooperation of the 
operating companies, the Lake Superior Mines Safety Council, and the Lake 
Superior Iron Ore Association, - To ‘these organizations and to John H. Strome, 
safety director of the Inland Steel Co., who compiled the statistics in 19h6. 
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and 1947, the author Ba rcenee sincere appreciation. 
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in Minnesota, most. of . thee oré is produced fron open cut mines. In Michi- 
gan and Wisconsin, a large percentage of the ore is produced from underground 
mines, Open-cut mines are all considered as utilizing the same method; the 
principal difference is in the transportation of ore and waste. The under- 
ground mines use three mining methods, which, in order of their relative pro- 
duction, are top slicing, sublevel caving, and stoping. 


The average number of operating mines in the district during the 8-year 
period was 122, of which 72 were open-cut and 50 underground operations, 
During this same pertod, an average of 17 underground mines employed top 
slicing, 17 sublevel caving, and 16 stoping as their principal mining method. 


During the years 1946 and 1947, a few mines have changed their method of 
mining from top slicing and stoping to sublevel caving. In 1947 the 50 opera- 
ting underground mines were divided as follows: top slicing, 14; stoping, 16; 
and sublevel caving, 20. 7 


3/ Cash, Frank E., and aa Rouben D., Accident Experience, Tron-Ore 
Mines, Lake Superior District, 1940-1943 : Bureau of Mines Inf, Circ. . 
7321, "19h5, 9 pp. 

4/ Cash, Frank E,, Accident Experience, Iron-Ore Mines, Lake Superior Dis- 
trict, 1940-1945: Bureau of Mincs Inf. Circ. 7410, 1947, 11 pp. - 

PY Tonnage figures from Lake Superior Iron Ore Association, 

6/ Johnson, John A., and Cash, Frank E., Transportation of Iron Ore, Open- | 

Cut Mines, Lake Superior District: Bureau of Mines Inf. Circ. "7458, 
1948, 2h pp. 7 | 
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Figure |. - Frequency rates all mines, I940-I947, with 8-year trend line. 
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Figure 2. - Severity rates all mines, I940-1947, with 8-year trend line. 
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INJURY FXPFRIENCE — 


The injury data were taken largely from those furnished by the operating 
companies and were compiled and published by the Lake Superior Mines Safety 
Council. 1/ However, they are supplemented, for the purpose of. comparison, with 
figures published by the Bureau of Mines in reports of the National Safety 
Competition and Annual Surveys of Metal Mine Accidents.°/: The discussion of 
these data is based entirely upon observations and opinions of the author. 


During the years 1940 to 1945, inclusive, increased production was abso- 
lutely necessary, irrespective of manpower, but no acute shortage existed, 
notwithstanding that the Armed Services took many men from the mines in the 
district, necessitating their replacement by men vith less experience. During 
1946 production dropped, but in 1947 it increased sharply. In these two years 
a number of men were released from the Services and re-entered the mines. 

This combination of circumstances had, and continues to have, a definite effect 
upon the number of injuries in the mines of the Lake Superior district. 


Table 1 gives (by years and totals for all mines) the shipments, man-hours 
worked, number of injuries, and frequency and severity rates covering inJjurics 
for the 8-year period. 


Tne frequency rate is the number of lost-time injuries per million man- 
hours worked, and the eoverity rate is the number of days lost because of 
injuries per thousand man-hours worked, A lost-time injury is one that caused 
loss of time beyond the day or shift on which the injury occurred. -In calcu- 
lating severity, tcomporary disabilitics are figured as the actual calendar days 
lost, including holidays and Sundays, whereas fatal and permanent injuries are 
weighted according to the United States Bureau of Mines "Scale of Time Losses 
for Weighing Deaths and Permanent Injuries", adapted from the American Stand- 
ards Association. | 


‘ 
a 


Table 1 shows that shipments increaséd dur ing the first 3 years, decreased 
during the next 4 years, and increascd materially during 19!:7. The man-hours 
worked increased during the first 4 years of the 8-year period, decreased 
during the next 3 years, and increased in 1947. The frequency rate increased 
for the first 5 years and fluctuated during the last 3 years, with a slight 
downward trend in 1945. The severity rate fluctuated somewhat put did not 
vary epErec san ty fram the average for the period. 


A clearer picture of the trend of injuries is shown by, figures 1 and 2, 
In figure 1 the annual frequency rates are shown by a dotted ‘line, and the 
rrequency-rate trend, determined by the method of least squares, is shown by 
the hoavy straight line. The trend line shows an increase from 13.63 in 19h0 
to 24.61 in 1947, Indicating an increase of 80. 6 percent in the frequency rates 
for the 8-year period, eo | 


7/ Carmichael, Percy A. (1941 and 1942 erocectings). Deer, Reuben D. (1943 
~ and 194” proceedings), Mahon, Stanlsy A., end Borgeson, George A. ee 
proccedings), and Strano, John H. (1947 and 19h8 proceedings) , 
Supertor Mines Safety Council, 
8/ Adams, W. W., Moyer, Forrest T., and others. 
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In figure 2 the annual severity rates are shown by the dotted line, and 
the severity rate trend, determined by the method of least squares, is shown 
by the heavy straight line. The trend line shows a decrease fram 5.14 in 1940 
to 4.20 in 1947, indicating a decrease of 18.3 percent in the severity rates 
for the $-year period. 


The method of least squares is a generally accepted method of determining 
the constants for a trend that can be represented by a straight line. The 
step-by-step procedures for determining these straight-line trends are appended 
to th:s report. | 


The breakdown of injuries for the 8-year period was as follows: 187 fatal, 
5 permancnt total-disabling, 171 partial-permanent-di sabling end 5,964 temporary 
disabling. The 6,327 fatal and nonfatal injuries resulted in 1,557,565 weighted 
and actual days lost time. 


There was cone fatal or total-permanent injury for each 3,224,240 tone 
shipped, one partial-permanent for each 3,620,199 tons, and one temporary dis- 
ability for each 103,793 tons. For each fatal or total permanent there were 
0.89 partial permanent and 31.06 temporary disabling injuries. 


For purposes of comparison, table 2 lists the frequency rates for the 
iron-ore mines in the United States, the frequency and severity rates for the 
metal mines enterec in the National Safety Competition, and the iron-ore 
mines in the Lake Superior district for the years 1940 to 1947, inclusive, 


in so far as they were available. 


TABLE 2. ~- Comparison of frequency and severity rates 
iron ore mines 1949-1947 | 


peso nite fake Re tarslae = eemeaoctigaiategiey Sunset maemo cee 


Iron-ore mines, Metal-mines entered in Iron-ore mines 
United States National Safety Competition Lake Superior district 
Year Frequenc Frequenc Severit Frequenc Severit 

L940. cece 19.63 .09 12.27 ; 
294) vated 23.08 20.14 6.85 13.41 | 4.85 
LOGKe eee ok 41 20.62 B55 17323 | 5.76 
TOW Bre ec 25.57 2k 21 6.27 21.09 527 
LOL. cee 2h .78 25.42 (0 22.08 . 429 
TOD. aves 25.33 31.36 7.35 21.54 5.03 
1946. ..0. 27259 41.02 9.37 . 23.21 3.33 
L9LT cae. - 26.13 4u7 °° 22.10 4.39 


Table 3 gives injury data (including totel and combined figures) for the 
8-year period by types of operations and methods of mining. © : 


All injuries are potentially serious, and their rate of occurrence must 
be decreased to imporve the over-all injury experience; however, after an in- 
jury occurs, the lost time, suffering, reduction in production, and expenses 
ere reflected in severity rather than frequency. . Therefore, severity rate is 
used as the basis for comparison. 
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Under the heading Operations and Methods, "General Shops": are those within 
@ company doing general repair work for one mine or 4 group of mines. . In most 
instances shops are connected with each mine, and the shop injury experience 
is included with that of the individual mine. . "Concentrators" may beneficiate 
ore from one or several mines, "Open-cut", ets slicing", “stoping”, and "sub- 
level caving" are methods used by varicus mines a 


The most hazardous operation or method is sublevel caving,for which both 
frequency and sevcority rates are consistently high. This is due largely to 
the bad type of grcund, which requires euch a method and in which other methods 
could not be used. Nevertheless, the injury rates, both frequency and severity, 
for all operations and methods in this district, are favorable when compared 
with other iron ore and metal mining districts in the country. 


The heading "Miscellaneous Development," used in the previous published 
reports, 1940 to 1945, hes been discontinued, and the data have been prorated 
and included in the propcr mining method. It was felt that. shaft sinking and 
rock reising was as much a part of the method-.as was drifting and crosscutting. 
This change naturally makes dirferences under. stoping, top slicing, and sub- 
level caving in the corresponding table of the previous publiched report. 


In table 4 the injuries are listed for the various operations ana methods 
with the length of dicability for each type of injury. 


Table 5 shows the fatal and permenent-total, permanent-partial, and tem- 
porery disabling injuries, by causes, for all mince for the 8-year period. 
Since publication of a similar report for 1940 to 1945, inclusive, the injuries 
listed as "not classified" have been reviewed, and a large number have been 
classified and included under specific causes, This changes a number of the 
cause totals in the 1940 to 1945 report but results in a more accurate detailed 
presentation of the injuries by causcs, ‘Examination of table 5 will reveal 
that of the 192 fatal and total-permnnent disabilities, 82 (42. percent) .were 
caused by falls and slides of ground and 21 (10.9 percent) were caused by 
haulage. Othcr causes, in order of their resulting fatal and ee 
injuries were persons falling (shafts, raises, banks, etc.), 12; explosives, 
10; falling matcrial (shafts, raises, etc.), 10; loading equipment (shovels, 
scrapers, etc.), 8; machinery (moving), 7; railroad cars. and locomotives, 7; 
persons falling (slipping and stumbling), 5; electricity (shocks and barns), 

5; cages, skips, and buckets, 4; drilling equipment, 4; suffocation (natural 
vases), 3; inrushes of me and water , 3; handling material, 2; runs of: ore and 
rock (chutes and bins), 2; falling material (other then ground) , 1; and not 
classified, 6. Flying objects, hand tools, and mine fires caused no. fatal or 
total -permenent disebilities, 


The 21 causes of the injuries listed in table 5 are en es table 6 
in ordcr of the severity of injuries, giving the number of injuries, total 
days lost, and average days lost per injury for the years 1944 to 1947, inclu- 
sive. The most severe cause of injury was inrushes of: mud and weter, with 9 
injurier, 3 of which wore fatal, resulting in 2 057.4 days lost per injury. 
The least severe and also tho Least frequent cause of injury was suffocation 
from natural gases, resulting in one injury with 7 days lust time. The most 
frequent cause was handling material, with 603 in juries resulting in 24,743 © 
lost daye, or an average of 41.0 days per injury. During this period ‘there 
were 3,506 injuries resulting in 680 1290 days lost, an average of 1940 days: 
icst per injury. 
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TABLE 46, - Soverity of injuries, by causes, 1944-1947 


Number of |! Average 
Causes — injuries | Days lost | days lost 
Inrushcs, mud and Water..cccccccccccccccccs | 9 18 ,607 2,067.4 
Be) OS ob vs pitt ues tun daess aalaraweaioaienticed Aa aew 20 | 28,377 1,418.9 
Railroad cars and LOcOMOtiVEs..seeeesereeee | 22 | 16,768 762.2 
Electricity (shocks aNd DUNE). sseeecesesee | 11 6,174 561.3 
Falis and slides of ground (ore and rock) .. | 504 | 228 ,920 | 4k 2 
Cages, skips, and buckets, .ccssccescscecens | 18 7,967 , %4he.6 
Persons falling (shafts, raices, banke, | | 
BCATTOlds, ete. )ssiscessisestadcsisssgeve! 150 49,392 , 329.3 
Heuleze (conveyor, truck, locomotive, etc.) | 319 | 95,132 | 298.2 
Machinery (MOVINg).+..0scscecssserdcoeseess | 135 | 38 ,037 | 281.8 
Falling material (shafts, raisee, etc.).... | 183; 44,275 | 9 ahl.9 
Loading equipment (shovels, scrapers, etc.) | 101 ;, 24,180 239.4 
Drilling equipmont..c.scccccccccccccccvccce | 152 26 69k 175.6 
Flying ODICCUB ss 05 saree eb culsuisaleeeeeeas caw. 139 16,116 115.9 
Persons falling (slipping and stumbling)... | 212 12 ,495 58.9 
NOG, ClGSst 160 os cous eawiuen ne Seana sews ae ers. | 502 25 ,908 52.4 
Falling material (other than ground).......! 120 | D929 46.2 
Handling TACOPIAL., .ccccccccccccescccsevcoce | 603 | 2h 743 41.0 
HOG GOOLE 5525 4:5 Gis leans aeons aoe saree oie wwae at | 188 OC; 6 448 34.3 
Runs of ore and rock (chutes and bins)..... 62 | 1,482 23.9 
Mine Hy ean Oe OREO aon, 5 | 32 7.8 
Suffccation (natural gases)....sccccccecccs 1 7 7.0 
All CAUSEB. secs cccccrecsccscceccesscessecs | 3,90 | »290 94,0 


SUMMARY 


An everage of 122 mines are operated by 26 compnnies in the Leke Superior 
district, which annually produces 85 percent of the iron ore mined in the United 
States, Individual open-cut mines produce and ship 15,000 to 15,000,000 tons 
annually, end the underground mines fram 40,000 to 1,000,000 tons a year. Vir- 
tually all of the underground and some of the open-cut ore is shipped as mined, 
but in recent years more and more of the open-cut ore is beneficiated in local 
concentrating plante before shipment. 


During the 8-year period of 1940 to 1947, inclusive, more than 619 million 
tons of ore was shipped and 328 million man-hours worked in all operations. 
The injuries in the district are relatively fewer end less severe than in other 
metal-mining districts. However the frequency rate has shown an upward trend, 
increasing from 12.27 in 1940 to 22.10 in 1947, with a weighted average of 19.27 
for the 8-year period. The severity rate increased from 1940 to 1945, but de- 
croased in 1946 and 1947, giving an over-all downward trend for the 8-year peric: 


General shops worked a total of 27-1/2 million man-hours with 159 injuries, 
distribu’:d as follows: 5 fatel, 11 partial-permanent, and 143 temporary dis- 
abilities, These injuries caused 39,703 days lost time. 
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Concentrators and open-cut mines were combined from 1940 to 1945, but 
with more concentrating plants and a variance in rates between them and open- 
cut mines, the two were carried separately in 1946 and 1947. During the 2-year 
period, concentrators, with 2 million man-hours worked, had 25 injuries, dis- 
tributed es follows: a fatal, 1 partial-permanent, and 23 temporary disabili- 
ties. These injuries resulted in 8,433 lost days. 


Open-cuts represented 125 million man-hours of work with 1,467 injuries, 
distributed as follows: 54 fatal, 66 parti el-permanent,, and 1 5347 temporary 
disabilities. These injuries nesulted in 460,356 lost days. 


Top slicing, with over 62-1/4 million man-hours worked, had charged 
against it a total of 1,656 injuries, distributed as follows: 37 fatal, 2h 
partial-permanent, and 1,595 temporary disabilities. These injuries caused 
224,093 days lost: time. 


Stoving, with a working time over the 8-year period of 38-1/4 milion 
man-hours, was charged with 883 injuries, distributed as follows: 30 fatal, 
25 partial-permanent, and 033 temporary disabilities, These injuries have 
resulted in 22 3,736 anys Lost. | | 


sublevel caving with a senate time of 73 million man-hours had 2,132 
injuries charged against it distributed, as follows: 65 fatal, 44 pertial- 
permanent, and 2,023 temporary disabilities. The days lost in this method 
of mining have boen 496,243, , 


Most of the mines are highly mechanized and during the 8-year period pro- 
duced large tonnages of iron ore and maintained old equipment in relatively | 
good repair with a minimum of Pee parts or new equipment when such 
was difficult to obtain. | 


Electric cap lamps are furnished and used in all underground mines. 
Employees’ wear hard hate, safety-toe shoes, and safety goggles for certain 
classes of work in and around the mines, * | 7 : 


With the exception of a few small producers, the companies maintain safety 
departments with safety supervisors, engineers, and inspectors, The Lake 
Superior Mines Safety Council serves as a clearing house for various safety- 
operating problems and has proved its value by reducing accidents eng ‘injuries 
of the several companies that comprise the organizati On. 


All of the companies cperating eadeeenouad mines maintain mine-rescue 
equipment and personnel trained in its vee. Some of the companies maintain 
central mine rescue stations serving two or more mines relatively close to- 
gether, and othcrs maintain a separate station at each ate regardless of the— 
proximity of the mines to each other. 


Prior to 1940, most of the companies encouraged and sponsored first-eid 
training for their employces, snd several had 100-percent employee first-aid 


training. Since 1940 there has been very little of such training, and the 
small amount has been largely confined to supervisors. 
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Most companies have some form of printed or mimeographed operating and 
safety rules for the guidance cf employees and supervisors. Various types of 
regular safety meetings are held by most of the companies; some include all 
employees, others include empluyee safety committees and supervisors, and 
some are attended by supervi B0r8 only. 


At mcst open-cut mines the employees are required to wear protective 
shoes or boots in summer, but in extremely cold weather they are permitted to 
discontinue using them, Protéctive hats are worn in all underground and some 
open-cut mines. ) , 


A number of companies provide goggles, and some issue them with corrective 
lenses. A few companies require their use throughout the shii't fcr all employ- 
ees, Many companies make it optional with the individual workmen to wear them 
where and when necessary or leave it to the supervisory force to require their 
use for selected types of work, ; 


In underground mines virtually all haulage is with electric peering loco- 
motives. The exceptions are at least two mines that use conveyors for main 
haulage, and several mines use chute-to-drift Plight conveycrs.9/ Haulage in 
open-cut mines is by electric, Diesel-electric, and steam locomotives , trucks, 
and conveyors, 


About half of the underground mines maintain stench-werning systems for 
warning underground employees in case an emergency necessitates quick removal 
of the ein fey 


Blast-hole drilling in open-cut mines is done largely by electrically- 
operated well- or wagon-typée drills, with a few gasoline or electrically 
operated auger-type drills for horizontal hvoles in soft material. In under- 
ground mines, pneumatic percussion-type drills are in general use, with a few 
rotary auger-type drills for soft material. Electrically driven rotary core 
drilis are used in one mine where the ore is very hard and in several mines 
for drilling deep holes ,1i/ Virtually all drilling is done wet. 


The blasting in open-cut mines is done with dynamite or "Nitramon” de- 
tonated with cap and fuse, electric blasting cap, or detonating fuse. Dynamite 
detonated with fuse and cap, generally is used in underground blasting. In 
extremely wet places, heavy blasting, shafts, and long raises, electric delay 
detonators are used. Where electric blasting is used, the circuits are safely 


9/ dchnson, John A., and Cash, Frank E., Transportation of Iron Ore, Under- 
ground Mines, Lake Superior District: Bureau of Mines Inf. Circ, 7419, 
1947, 22 pp. 

10/ Cash, F. E., and Johnson, Ernest W., Stench-Warming Tests, Lake Superior 

| District Mines: Bureau of Mines Report of Investi gations 3850, 1947, 

<3 pp. 

11/ Johnson, Ernest W., and Cash, F. E., Diamond Drilling of Blast Holes eke - 
peta District Iron-Ore ‘Mines: Bureau of Mines Inf. Circ. 7317, . | 
1945, 11 pp. | | 
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guarded by a series of blasting. switches te/, The magazines for the storage 
of explosives usually are weli-constructed, safely located, and properly 
ventilated, 13 


Must of the underground mines hive two or more openings to the surface 
and. are ventilated mechanically. A few mineg have excellent ventilation sys- 
tems, with provisions for heating the air in cold weether. Some mines were 
developed years ago with little thought to long life, depth, and adequate 
ventilation. 


Periodic dust surveys are made in most mines and concentrating plants, 
and remedial procedures are instigated promptly if dust counts exceed an 
established maximum limit, 


The surface plants, old and new, are well-arranged and properly maintained, 
Most of the newer plant structures are of modern design and constructed with a 
tendency to house virtually all nocessary surface units in one building. The 
new change houses are spacious, air-conditioned, provided with sanitary bath- 
ing and toilet facilities, and have scparate rooms for street and mine 
clothes 14/ 


In general, a determined offort is made by mining compenies and their 
emplovecs in the Lake Superior district to reduce the occurrence of injuries 
in mining iron ore, Although favorable when compared with other metal-mining 
districts, the trend of the frequency of injuries is increasing, which, unless 
reversed, eventually may result in an increase in the trend of the severity 
rate. This can ani should be accomplished and an improvement in injury ex- 
poriencc reelized through closer ccc ‘dination of efforts by management and 
emoloyecs. 


APPUN DIX. 


Calculations, S-year Trend of Injurice Iron-ore Mines, Lake Superior District 


Although the determination of trend lines calculated by the method of 
least squares is an accepted, simple algcbreic method, it requires several 
stens. | } ae 


The several stens in the determ'nation of the frequency and severity 
trend lines, as developed in Colloge Algebra by Hart, chapter XXV, "Method of 
Least Squares and Kelated Topics", are given in this appendix. This procedure 
refers to figures 1 and 2 and teble 1 of this report. 


a2/ Petersen, Max S., and Cash, Ff. E., Electric Blasting Switches, Underground 
Mines, "Lake Superior District: Bureau of Mines Inf. Circ. 7372, 1946, 
11 pp. 

13/ Cash, Frank E., Storags of Explosives in Underground. Mines of the Lake 
Superior District: Bureau of Mines Inf. Circ. 7343, 1946, 9 pp. 

ab/ Cash, Frank E., and Stott, Roy G., Change Houses in the Lake Superior 
District. Bureau of Mince Inf. Circ. 7459, 1948. 
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Frequency, 1940-1947 {from figure 1) 


When- 

Ye 0; Y= 12.27 
Kells Yeu i341 
K=23; Y = 17.23 
X=3; Y= 221.09 
Xehks Y = 22.06 
X=5; Y= 21.54 
XeG; Y= 23,21 
X = 73 Y = 22,10 


Using the straight-line equation Y = ax + bd and substituting the above 
values for X and Y, valucs are obtained for the oight pointe. 


r< 
i" 


ax + 
0 + 
la + 
Pa + 
3a + 
ha + 
5a + 
6a + 
7a + 


152.9 25a + Ob Summation equaticn (1) 


Using equation, (xy) = a (x°) + bs (x) 


nm 
eae 

Hnntnonn 

ceo ooo oO 


When- xy = ax* + bx 


X=0; 0 = OF 0 
Xel; 13.41= la+ 1b 
X=e; Woes hast ld 
X= 3; 63.27 = Sat 3b 
X=; 8.32 = léat Hb 
X= 5; 107.70 = 25a¢ Sb 
X = 6; 139.46 = 36a + 6b 
X = 73 154.70 = 49a + Tb 


601,12 = 10a + 28b Summation equation (2) 
Solving equations (1) and (2) for a and b. 


(2) hoa + 28b = 601.12 

(1) 98a + 28b = 535.26 (by 3.5) 
2a = 65.06 

- a =e 1,568 

lhoa + 4Ob = 764.65 (by 5.0) 


ih0a + 23b = 601.12 
12b = 163.53 


b= 13,628 


“oN 
NM IA 
ee 
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Y = 


except for checking, the first and lest or any two points. 


values for x and y, values are obtained 
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Substituting values for a and b in the straight-line equation 


ax + b. 
When- Y = 
X = 0; Y = 
X=l; Y= 
X ®e; Y = 
X = 3; Y= 
X =k; Y = 
X= 5; Y= 
X = 6; Y= 
X = 73 Yeo 


ax 

0) 
(1.568)1 
(1.568)2 
(1..508)3 
(1.568) 
(1.568)5 
(1.568)6 
(1.563)7 


tee te eet t+ [4+ 


- 
13,63 
13.63 
13.63 


13.63. 


13.63 
13.63 
13.63 
13.63 


13.63 
15.20 
1677 
18. 33 
15.90 
21.47 
23.04 
oh 61 


As this is a straight-line equation, it is only necessary to substitute, 


X = 0; 1940 
X = 7; 1947 


Difference 


10.98 + 13.63 


+ Wit 


: 
; 


Pe Pd Pd dt Od Od Od OX 


= 80.6% increase in frequency. 


h; 
23 


cs 


Kd Ht ed eK Hd 


Using the straight-line equation Y 


‘Y= ax +b 
WuG =O +d 
4.85 = la +b 
5.70 = 2a +d 
9.27 = 38 +b 
4ieg = ha +b. 
5.03 = 5a + Dd 
3.33 = 68 +d 
4.39 = 7a _ +d 

37.38 = 28a + 8b 
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WWONNA DE 
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Severity, 1940-1947 (from fig. 


2) 


= ax + b and substituting the above 


for the eight points. 


Summation equation (3) 
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Using equation» (xy) = a> (x*) + v(x) 


When x = ax + bx 
X= O; Oo = “O° + 0 
X= 1; 4.85 = la + Ib 
X= 2; 1.52. ha + 2b 
X= 3; 15.61 «= oO + 3b 
X= 4; 17.16 = lb6a + dd 
X= 5; 25.15 s&s 25a +¢ 4 
Y= 6; 19.98 =© 36a + = €6 
X= 7; 30.73 = koa + 7b 


125.20 = 40a + abd Summation equation (4) 


Solving equations (3) end (4) for a and b. 
(4) koa + 28b = 125.20 
(3) 98a + 28b = 130.83 (by 3.5) 
og 5.63 | 
0.134 
(3) hoa + 40b = 186.90 (by 5.0) 
(4) hoa + 23b = 125,20 
12b = 61.70 
be 5.142 


~o 
} 


Substituting values for a and b in tho straight line equation 
Y= axtdD: 


When | : 

Ae O; YY = O + 5.34 = 5.14 

X= 1s Y = (-0.134)1 + 5.14 = 5,01 

Rie 12s Y = (-0.134)2 + 5,74 = 4,87 

Ks 35 Y = (-0,134)3.+ :5.14 = b,7h 

X= 4; Y = (-0.134)4 +, 5.14 = 4.60 

Xe 53 Y = (-0.234)5 + 5.14 =: 447 

X= 63; Y= (-0.134)6 + 5.24 = 4,340 
X= 7; Y = (-0.134)7 + 5.14 = 4.20 


As it is a straight-line equation, it is only necessary to substitute, 
except for checxing, the first and last points, or any two points. 


X= O; 19ko = 5,14 
X= 7; 1947 = 4.20 
bifference -0.9 


O.94 — 5.1h = 18.3% reduction in severity. 
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